Uva Rey' is considered an Andalusian (Spain) ancient autochthonous cultivar with hard white grapes used for the production of wine and raisins and also for raw consumption. Currently, this cultivar is not included in the official register of Spanish grapevine varieties and there is neither a description nor a characterization that could facilitate its insertion in this register. In order to study this genetic resource, a genetic and morphological characterization of 'Uva Rey' has been carried out in comparison with 'Palomino Fino', the main cultivar in Andalusia (Spain). Additionally, grape must physicochemical characterization and grape berry texture profile analyses were performed. Genetically, 'Uva Rey' was synonymous with the cultivar 'De Rey'. 'Uva Rey' grape must physicochemical results showed a lower sugar concentration and a higher malic acid content compared to 'Palomino Fino' must, while the analysis of the grape berry texture profile proved to be more consistent and cohesive. These results can be attributed to the longer phenological cycle presented by 'Uva Rey'. All these facts could lead to consideration of 'Uva Rey' as a cultivar for the production of white wines in warm climate regions.
Introduction
Grapevine (Vitis vinifera L.) is one of the most ancient and important fruit crops worldwide [1] . Around 12,500 cultivars have been registered in the Vitis International Variety Catalogue [2] . However, based on their DNA profiles, the number of grapevine varieties is estimated at around 5000, many of them closely related [3, 4] . Nowadays, 7.4 mHa of the Earth area is covered by grapevines, with Spain being the first country in terms of cultivated land extension. Spanish vineyards cover thousands of hectares and produce approximately 44.4 mHL of wine per year [5] . For that reason, viticulture could be considered as one of the most important socioeconomic sectors in the Spanish agro-industrial network. Grapevine cultivation throughout the country, and the significance over time, have led to a grapevine heritage of great magnitude. Spain's varietal heritage had continuously increased from its origin until the arrival of diseases and pathogens from America (mildews and Phylloxera) [6] . According to García de los Salmones [7] , the first Phylloxera outbreak in Spain was detected in Malaga (Andalusia) in 1876. From that moment on, this pathogen spread throughout the whole country and destroyed more than 1,000,000 ha, which caused serious damages to the Spanish native germplasm [8] . In order to preserve the maximum number of Vitis vinifera genetic diversity, a number of germplasm banks were created. 'El Encín', the most important germplasm bank in Spain, was established in 1914 in Alcalá de Henares
Materials and Methods

Plant Material and Experimental Design
A total of 10 plants of 'Uva Rey' from a vineyard in the town of Chiclana de la Frontera municipal district (Andalusia, Spain) were selected (lat. 36 • 27 30.6" N; long. 6 • 05 46.2" W; 69 m above sea level). In addition, 'Palomino Fino' was used as a reference cultivar for all the studies, as it is the most widespread variety in the southwest of Andalusia [23] . Both cultivars were 15 years old and had been grown with the same vine spacing (2.30 × 1.15 m) as well as trained according to the 'Vara y Pulgar' (stick and thumb) system. Additional Figures S1a-c and S2a-c show the temperature, humidity, radiation and rainfall during the period from July (veraison) to September (harvest) for 2016 and 2017 respectively. For the genetic characterization of the cultivar, four varieties: 'Cabernet Sauvignon', 'Chardonnay', 'Muscat a Petits Grains Blancs' and 'Pinot Noir' were included as reference to compare their genotype databases and confirm the new cultivar accession identity ( Table 1) .
The morphological description and the texture profile analysis (TPA) of the berries as well as the grape must characterization were carried out for 'Uva Rey' and 'Palomino Fino' cultivars from the same vineyard and in two consecutive years (2016 and 2017) in order to study the vintage effect on the different cultivars. Both cultivars were grown at the same vineyard and under the same agroclimatic conditions, the cultural practices and were harvested in the same period (first week in September). In order to minimize variability due to grapevine sampling, Santesteban et al. [24] criterion was applied. For this purpose, the trunk cross sectional area (TCSA) of a total of 50 vines were measured at 30 cm height using a digital Verner calliper Maurer 93,110 (Padova, Italy). Of all the vines measured, 10 were selected and marked as their TCSA value was the closest to the TCSA average ± 10%.
Microsatellite Analysis
Two young fresh leaves from each accession were collected at the vineyard and kept at -80 • C until analysis. DNA extraction was carried out using a DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). Varietal identification was performed using 22 nuclear microsatellite loci. The first set of 20 microsatellite loci located in the 19 linkage groups of grapevine genome (VMC1B11 (GeneBank, Accession Number BV681754), VMC4F3-1 [25] ; VVMD5, VVMD7, VVMD21, VVMD24, VVMD25, VVMD27, VVMD28, VVMD28, VVMD32 [26, 27] ; VVS2 [28] ; VV1B01, VVIH54, VVIN16, VVIN73, VVIP31, VVIP 60, VVIQ52, VVIV37, VVIV67 [29] ) were analysed as described by Vargas et al. [30] , using two multiplex Polimerase Chain Reactions (PCR). An additional set of two microsatellite loci (VrZAG62 and VRZAG79) [31] were analyed following the conditions described in detail by Jiménez-Cantizano et al. [32] , in order to complete the list of loci authorized by the International Organisation of Vine and Wine (OIV). PCR amplifications were performed using a 9700 thermocycler and the amplified products were separated by capillary electrophoresis using an automated sequencer ABI Prism 3130 (Applied Biosystems, Foster City, CA, USA). Fluorescent labelled fragments (6-FAM, VIC, PET and NED) were detected and sized using GeneMapper v. 3.7 and fragment lengths were assessed with the help of internal standards GeneScan-500 LIZTM (Applied Biosystems, Foster City, CA, USA). The microsatellite genotypes obtained after the analysis were compared with the genetic profiles provided by Lacombe et al. [33] and the data contained in the microsatellite databases Vitis International Variety Catalogue [34] , Rancho de la Merced Germplasm Bank genotype database [35] and the Vitis Germplasm Bank at Finca el Encín [25, 36, 37] . The SSR profiles obtained were compared using the microsatellite toolkit v. 9.0 software [38] .
Morphological Characterization
For the morphological analysis, Benito et al. [39] criterion was followed. A total of 10 young shoots, young and mature leaves, flowers, bunches and berries from each accession were analysed using 34 descriptors from the Organisation Internationale de la Vigne et du Vin descriptor list [40] . Each accession from two different vintages was described by five ampelographers and the modal value was selected as the final description.
Physicochemical Characterization of Grape Berries and Musts
Grapevine berries (n = 50) were evaluated using a texture-meter (Lloyd Material Testing Machine, West Sussex, UK) fitted with a 2 mm cylindrical flat probe at 1 mm/s. The results regarding consistency, firmness, work of penetration (WoP) and cohesiveness were calculated as the average values for 50 berries.
Once harvested, 5 kg of berries of each cultivar (500 g from each vine) were destemmed, grounded and pressed. pH determinations were carried out using a Crisson-2001 digital pH-meter (Loveland, CO, USA). Sugar concentration ( • Bé) was determined using a calibrated Dujardin-Salleron hydrometer (Laboratories Dujardin-Salleron, Arcueil Cedex, France). Total acidity (TA) was calculated according to the official methods of analysis [41] . Ripening index (RI) was calculated following the equation proposed by Hidalgo [42] . Yeast assimilable nitrogen (YAN) was determined according to Aerny [43] . Citric, tartaric and malic acids were assessed following the methodology proposed by Sancho-Galán et al [44] . Organic acids concentrations were obtained by ionic chromatography using a Metrohm 930 compact IC Flex ionic chromatographer equipped with a conductimetric detector on a Metrosep Organic Acids column-250/7.8 (Herisau, Switzerland). Organic acids separation was performed using as eluent H 2 SO 4 0.4 mM in a 12% acetone solution with an isocratic 0.4 mL/min flow. All the physicochemical measurements were destructive analysis and were conducted in triplicate to ensure statistical significance.
Statistical Analysis
Means and standard deviations were calculated using Microsoft Office Excel 2016 for Windows 10. Significant differences were evaluated by two-way ANOVA and Bonferroni's multiple range (BSD) test; p < 0.05 was considered significant (GraphPad Prism version 6.01 for Windows, GraphPad Software, San Diego, CA, USA).
Results
Microsatellite Analysis
The allele profiles obtained for 'Uva Rey' and the five reference cultivars at 22 microsatellite loci are shown in Table 1 . The genotype obtained for 'Uva Rey' was compared with the Rancho de la Merced Germplasm Bank genotype database [14, 35] , the Vitis Germplasm Bank at the Finca El Encín [30, 36, 37] and European databases [33, 34] . 'Uva Rey' showed the same genotype as 'Mantuo de Pilas' kept in Rancho de la Merced Germplasm Bank at 22 SSR loci and 'De Rey' at Finca El Encín at 20 SSR loci. 
Morphological Characterization
Modal values for the ampelographic descriptions of 'Uva Rey' cultivar corresponding to years 2016 and 2017 are shown in Table 2 compared to the reference cultivar 'Palomino Fino'. 
OIV 068
Mature leaf: number of lobes. 1 one, 2 three, 3 five, 4 seven, 5 more than seven. 3 3
OIV 070
Mature leaf: area of anthocyanin coloration of main veins on upper side of blade. 1 absent, 2 only at the petiolar point, 3 up to the 1st bifurcation, 4 up to the 2nd bifurcation, 5 beyond the 2nd bifurcation.
1 3
OIV 072
Mature leaf: goffering of blade. 1 absent or very weak, 3 weak, 5 medium, 7 strong, 9 very strong. 7 5
OIV 074
Mature leaf: profile of blade in cross section. 1 flat, 2 V-shaped, 3 involute, 4 revolute, 5 twisted. 5 4
OIV 075
Mature leaf: blistering of upper side of blade. 1 absent or very weak, 2 weak, 3 medium, 4 strong, 9 very strong. 5 3
OIV 076
Mature leaf: shape of teeth. 1 both sides concave, 2 both sides straight, 3 both sides convex, 4 one side concave on side convex, 5 mixture between both sides straight and both sides convex.
3
OIV 079 
OIV 087
Mature leaf: density of erect hairs on main veins on lower side of blade. 1 none or very low, 3 low, 5 medium, 7 high, 9 very high. 9 1
OIV 151
Flower: sexual organs. 1 fully developed stamens and no gynoecium, 2 fully developed stamens and reduced gynoecium, 3 fully developed stamens and fully developed gynoecium, 4 reflexed stamens and fully developed gynoecium.
3 3
OIV 202
Bunch: length (peduncle excluded). 1 very short, 3 short, 5 medium, 7 long, 9 very long. 5 7
OIV 203
Bunch: width. 1 very narrow, 3 narrow, 5 medium, 7 wide, 9 very wide. 5 5
OIV 204
Bunch: density. 1 very loose, 3 loose, 5 medium, 7 dense, 9 very dense. 5 5
OIV 206
Bunch: length of peduncle of primary bunch. 1 very short, 3 short, 5 medium, 7 long, 9 very long. 3 1
OIV 220
Berry: length. 1 very short, 3 short, 5 medium, 7 long, 9 very long. 5 3
OIV 221
Berry: width. 1very narrow, 3 narrow, 5 medium, 7 wide, 9 very wide. 5 3
OIV 223
Berry: shape. 1 obloid, 2 globose, 3 broad ellipsoid, 4 narrow ellipsoid, 5 cylindrical, 6 obtuse ovoid, 7 ovoid, 8 obovoid, 9 horn shaped, 10 finger shaped. 7 2
OIV 225
Berry: colour of skin. 1 green yellow, 2 rose, 3 red, 4, grey, 5 dark red violet, 6 blue black. 1 1
A total of 34 descriptors were studied, eight of which correspond to shoots, 17 to leaves, one to inflorescence, four to bunches and four to berries. In regard to the density of prostate hairs between the main veins on lower side of blade (OIV 053), 'Uva Rey' showed very high density while 'Palomino Fino' prostate hair density was medium. Also, the density of erect hairs on the main veins on the lower side of tthe blade (OIV 087) was high for 'Uva Rey' and non-existent or low for 'Palomino Fino' cultivar. Finally, grape berries were green yellow in both cases (OIV 225), but their shapes differed (OIV 223), being ovoid for 'Uva Rey' and globose for 'Palomino Fino'.
Physicochemical Characterization of Grapes and Musts
'Uva Rey' and 'Palomino Fino' grape must physicochemical characterizations and berry texture profile analyses (TPA) from two vintages (2016 and 2017) are displayed in Table 3 . The main differences between 'Uva Rey' and 'Palomino Fino' cultivars grape musts were related to the physicochemical parameters sugar ( • Bé), YAN (mg/L), malic acid (g/L) and TPA consistency (Nmm) and cohesiveness. The pH values obtained for both cultivars as well as for the two vintages were all similar. However, both cultivars exhibited very similar acidity in both vintages, with slightly higher values in 2017 (ANOVA p-adjust < 0.05). Regarding grape sugar content, it was significantly higher in 'Palomino Fino' grapes than in 'Uva Rey' from the two vintages studied (ANOVA p-adjust < 0.05). Again, greater sugar values ( • Bé) as well as total acidity were measured in 2016 grapes from both cultivars (Table 3) . Consequently, Ripening Index (RI) values obtained were significantly greater in 'Palomino Fino' than in 'Uva Rey'. However, very different content levels in both cultivars were obtained for YAN, where 'Palomino Fino' showed significantly higher concentrations of YAN than 'Uva Rey' (ANOVA p-adjust < 0.05), which yielded the same content level in the two vintages under study ( Table 3) .
Regarding organic acids content, it could be observed that tartaric acid represents over 75% of their total acidity. It can be seen that this particular acid content follows the same trend as the total acidity of the grapes. With respect to citric acid concentration, it was significantly lower in 'Palomino Fino' than in 'Uva Rey' cultivar and did not exceed 150 mg/L in either case. However, 'Uva Rey' showed a significantly higher content of malic acid than 'Palomino Fino' in both of the vintages studied (ANOVA p-adjust < 0.05).
With respect to the results obtained from the TPA, 'Uva Rey' obtained higher values for consistency, WoP and cohesiveness than 'Palomino Fino' in both vintages (ANOVA p-adjust < 0.05). However, no differences were observed between cultivars or vintages with regards to grape berry hardness.
Discussion
To identify grapevine cultivars, nuclear microsatellite markers are the most widely used tool, as was demonstrated by the European projects GENRES 081 and GrapeGen06. Regardless of the high degree of heterozygosity existing in the grapevine, the genotype with six microsatellite loci (VVMD5, VVMD7, VVMD27, VVS2, VrZAG62 and VrZAG79) is enough to establish the identity of a variety [6] , with the exception of the peculiar case of closely related varieties [35] which requires analysis of more loci. For this reason, as a result of the GrapeGen06 project, an international consensus was established to increase the number of microsatellite loci to 20, located in different binding groups for correct identification. In this study, the analysis was extended to 22 microsatellite loci. It is very important to use the same microsatellite loci in different studies in order to be able to compare genotypes later. The identification of 'Uva Rey' genotype allowed us to confirm the synonyms of this cultivar with both 'De Rey' and 'Mantúo de Pilas', which have already been registered in the Vitis International Variety Catalogue (VIVC) at seven loci SSR [34] . The genetic profile for 15 additional loci is presented in this study and the synonymy between 'De Rey' and 'Uva Rey' is confirmed for the first time with the analysis at 22 microsatellite loci. Along with the cultivar genetic identification and, according to the recommendation for the adequate characterisation of Vitis genetic material, an ampelographic description was carried out [45] . Such morphological description has been the method previously used by different countries to have a particular cultivar included in the official lists [45] . The phenotype obtained for the cultivar 'Uva Rey' showed some differences with 'Mantuo de Pilas' as described by García de Luján et al. [46] . Some differences were found in OIV 007, OIV 008, OIV 051, OIV 053, OIV 070, OIV 074, OIV 075, OIV 087, OIV 202 and OIV 221 descriptors. It is worth mentioning, the differences in erect hairs density on main veins on lower side of blade in mature leaves (OIV 087). 'Uva Rey' showed a very high density unlike 'Mantuo de Pilas' with a very low one. Similar phenotypic differences have been found between other cultivars such as 'Garnacha' and 'Garnacha Peluda' [47] , both considered as somatic variants.
Due to the high temperatures associated to the current global warming, the period during which the minimal temperatures required for the physiological activities of vines is reached is longer than it used to be, and hence, there is an increment in metabolic rates that have an impact on metabolite accumulation [48, 49] . In the last 10-30 years, some major changes have been observed in grape development and ripening patterns, such as premature budbreak, flowering and fruit maturity due to agroclimatic changes [50] The differences between the two cultivars with regards to pH and total acidity can be attributed to climate variations between the two years studied, as such differences can be found in both cultivars ( Figures S1 and S2) . RI values confirm the above-mentioned differences between cultivars (ANOVA p-adjust < 0.05), with significant differences between both cultivars regardless of the vintage analysed. The variations of these parameters associated to grape ripening processes may be related with each cultivar's phenological stages. 'Uva Rey' is, unlike 'Palomino Fino' a long cycle cultivar [51] . For this reason, grape ripening stages are not reached at the same time.
Organic acids content in each cultivar could be due to their phenological cycle differences [51] . With regard to tartaric acid content, the values remained similar except for 'Palomino Fino' cultivar in the 2016 year. During the grape ripening process, the production of malic acid decreases [52] since this carboxylic acid is also used by the plant at this stage for energy production [53] . In this way, the different malic acid content levels in each cultivar could be explained by their aforementioned asynchronous phenological cycles. Such difference in malic acid content levels could be relevant to prospective winemaking process, where malolactic fermentation (MLF) could result in wines with a greater microbiological stability and sensory complexity [54] . Some authors argue that higher weather temperatures due to global warming may lead to grape musts with a higher pH, which in turn may promote oxidation reactions [50, 55] . In this sense, grapevine cultivars with similar characteristics to those presented by 'Mantúo de Pilas' could lead to the production of wines through oxidative ageing.
The YAN values that have been observed in 'Palomino Fino' musts were higher than those observed in 'Uva Rey' for both vintages. Such differences between the two cultivars may be related to the variations observed in their ripening processes, since YAN content increases in grape berries when ripening [56] . In any case, YAN values remained at a sufficient level for a proper alcoholic fermentation (AF) [57] . Yeast assimilable nitrogen (YAN) is a fundamental element for the correct AF of grape musts; since nitrogen is essential for the completion of some yeasts, its presence is compulsory for yeasts to develop in normal conditions during this biological process [58] .
According to the TPA, the two vintages of 'Uva Rey' in the study had a higher consistency, hardness, WoP and cohesiveness. It should be noted that cohesiveness depends on the strength of the pulp internal bonds of the grape berries. This parameter is highly related to the OIV 235 descriptor [40] , which is employed for the sensory evaluation of grapes during their ripening process. The results obtained from the TPA could be explained by the lack of synchrony between both cultivars phenological cycles. 'Uva Rey' berries, with a longer cycle, were less ripe and therefore presented a greater turgidity at the time of analysis. Such superior berry turgidity plus its higher consistency and WoP could contribute to protect grape berries from dehydration under Andalusian warm weather conditions (SW Spain). When these results are compared to those obtained by Giacosa et al. [59] , it can be observed that 'Palomino Fino' presents similar cohesiveness to 'Perle von Csaba' cultivar (Hungarian white vinification grape). Nonetheless, 'Uva Rey' showed a higher degree of similarity with the cultivar 'Sultanina' (a Turkish white table grape). In view of its grape berry TPA, 'Uva Rey' could be considered as a cultivar with a greater resistance than 'Palomino Fino', mainly because of its greater pulp cohesiveness and consistency. These results might be influenced by the phenological cycle differences observed between the two cultivars studied, where the higher values correspond to less ripe berries. In this sense, these phenotypical traits could increase the cultivar's resistance to drought and to high temperatures, which would make it a more appropriate cultivar for warm dry areas and for global warming conditions.
Conclusions
Microsatellite analysis confirmed that 'Uva Rey' is a synonym of 'De Rey' cultivar and a somatic variant of 'Mantuo de Pilas'. With respect to the physicochemical grape must characterization, major differences were found in YAN and malic acid concentration. The TPA showed that 'Uva Rey' grape berries are more cohesive and consistent than 'Palomino Fino' ones. In this sense, 'Uva Rey' can be stated as an autochthonous grapevine cultivar with a long phenological cycle. This study recognizes Uva Rey as a somatic variant of 'Mantuo de Pilas' and as such, supports any actions towards its recovery. According to the results obtained from the different analysis that have been completed on 'Uva Rey' grape berries and musts from two consecutive vintages, this autochthonous cultivar should be further studied and included in the Spanish official register to allow is cultivation.
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